INTRODUCTION
disease is manifested by hydramnios, presumably due to intrauterine diarrhea and, from the first day of life, by large watery stools with a high Cl-concentration (above 60 meq/liter in the newborn, and above 100 meq/ liter later). These features constitute the diagnostic criteria of CCD. Solid stools and lower Cl-concentrations have been observed only in chronic dehydration.2 The diarrhea results in excessive neonatal loss of weight with dehydration and jaundice. Hyponatremia and hypochloridemia develop rapidly and, later, hypokalemia and metabolic alkalosis. Unless they receive proper treatment, most patients die in the first few weeks of life (4) from hypokalemia and dehydration, but some survive with chronic dehydration and variable general retardation. The appropriate treatment, lifelong oral replacement of the fecal loss of electrolytes and water, enables the children to develop normally. 2 The nature of the basic intestinal defect is unclear. Launiala, Perheentupa, Pasternack, and Hallman showed that the defect must be in the distal ileum and the colon (11) . Recently, three reports of ileal perfusion studies in single patients have appeared. Turnberg (12) found increased secretion of Cl-and postulated that ileal Cl-/ HC02s exchange (13) was working in reverse, i.e. secreting Cl-and absorbing HCOs. Bieberdorf, Gorden, and Fordtran (14) observed absence of active transfer of C1-; passive movement occurred according to the concentration gradient. Pearson et al. (7) reported that no Na+ or Cl-movement took place in the ileum. They also perfused the sigmoid, the only part of the colon remaining after operations done on their patient, and the same defect appeared to be present. Lauras et al. (10) Controls. Three healthy siblings of the patients, aged 6.8, 7.8, and 8.4 yr, were studied in the same way.
Perfusions. The procedure was explained in detail to the parents and the children before hospitalization, and all the children were in perfect electrolyte balance and cheerful. They were on a semisolid diet during the period of the study. The colons were perfused with a series of electrolyte solutions (called perfusates in the text). A two-lumen X-raypositive rubber tube was inserted into the cecum via the nose. The perfusion site aimed at was just beyond the ileocaecal valve (Fig. 1) . Its actual location was checked by fluoroscopy before and after each perfusion. The location varied between the cecum and the mid-part of the ascending colon.
Perfusions were started at 9 a.m., after a light breakfast, and emptying of the rectum in the controls with Microlax (Pharmacia Fine Chemicals, Uppsala, Sweden), a 5-ml enema that contains 90 mg of Na-citrate and 9 mg of Na- 
Ileal effluent
From the difference in composition between the perfusate and the fluid entering the test segment, the electrolyte concentrations and flow rate can be calculated for the fluid being added to the perfusate in the mixing segment. This fluid closely resembles the ileal effluent, because the mixing segment was only 10 cm long, and its secretory and absorptive contributions thus were minimal. In eight perfusions of the controls, the mean flow rate was 0.9 (range 0.2-1.9) ml/min and the mean concentrations of Nat 108. 3 (18, 19 HCO3-exchange in CCD (7, 12, 14) is the cause of the increased effluent volume.
Transport of C1-and HCOc
Controls. On perfusion with the extracellular fluid (ECF) -like perfusate 1, the mean net Cl-absorption was 23 .0 meq/h. This was the net result of an efflux and an influx, the influx being twice as great as the efflux. When the luminal Cl-concentration was reduced, the concentrations of Na', K+, and HCOi-remaining constant, net Cl-absorption decreased, because of a decrease in influx (Fig. 2) . However, net absorption still continued at Clconcentrations as low as 10 meq/liter, obtained with the mannitol perfusate (Table II) .
When HCOi-was omitted from the ECF-like perfusate, there was a clear decrease in Cl-efflux (Fig. 3) .
When Na' and K+ were further omitted (choline-Cl1 perfusate) the efflux was unchanged, but there was a marked reduction in influx, the influx and efflux being now of the same magnitude (compare perfusates 5 and 6, Table II (Fig. 2) 2\ rabsence of HCO0-did not alter the Cl-movement (Fig.   3 ). Perfusion with the mannitol solution gave the same slight net secretion of Cl-as was seen with the other Cl--free perfusate 3 (Table II) . The mean serum 'Cl-activities measured at the end of each perfusion (and corrected for previous. activity) were 266 cpm/ml (range 75-728 cpm/ml, n = 8) in the controls, and 43 cpm/ml (range 13-83 cpm/ml, n = 7) in the CCD patients. This also demonstrates impaired influx of Cl-. When ECF-like perfusates of varied Cl-concentration (perfusates 1 to 3, Table II) (Table II) , although they had a much steeper plasma-to-lumen gradient for HCOi-(because of less flow of HCOi-to the segment from the ileum). Changes in pH and Pcoa were only slight.
Na+ transport Controls. In perfusions with the ECF-like perfusate there was a mean net Na+ absorption of 22.0 meq/h, slightly less than the mean net Cl-absorption. Lowering of Cl-concentration gave a clear decrease in net Na+ absorption (Fig. 2) . The slight net absorption of Na+ seen with the Cl7-free perfusate 3 was accompanied by a net disappearance of HCO8- (Table II) . Omission of HCO3-from the ECF-like perfusate did not alter the net Na+ movement (Fig. 3) . At a mean Na+ concentration of 21 meq/liter or even lower in the test segment there was still a net Na+ absorption (solutions 5 and 6, Table II ). Net water movement showed a strong correlation with net Na+ movement (AH20 (ml/h) = 7.0 X ANa+(meq/h) -32.5; r = 0.99, P < 0.001).
Chloride diarrhea. The net Na+ absorption was not decreased from the ECF-like perfusate 1. It was of the same magnitude as in two of the controls (Table II) . Thus the Na+-absorbing system was unimpaired.
However, in three respects net Na+ absorption in the patients contrasted sharply with that of the controls. (a) Reduction of Cl-concentration in the perfusate did not alter it (Fig. 2) . (b) Omission of HCOs7 from the perfusate caused a marked decrease in it (Fig. 3) . (c)
It did not take place from Na+ concentrations below 27 meq/liter (solutions 5 and 6, Table II ). In the last two situations the fluid entering the test segment was more acid than in the controls, and the test situation was thus different (mean pH 6.4 in the patients and 7.1 in the controls). Such unusual acidity prevails in the colon in patients with CCD, in whom the ileal effluent has a lower HCOi-concentration and lower pH than in the controls.
K+ transport
Controls. In most perfusions with solutions containing K+ at 10 meq/liter only slight net movement of K+ took place; presumably this concentration was close to the equilibrium concentration. With K+-free perfusates and less than 2 meq/liter of K+ in the segment, net secretion was constantly observed.
Chloride diarrhea. In the patients net K+ secretion was clearly increased. This was seen in all perfusions, and was most marked in patient R. Ko. In the perfusions with 10 meq/liter K+ concentration, the mean increment was 1.3 meq/liter (±1.7 SD) in the controls and 4.8 meq/liter (±2.7 SD) in the patients.
DISCUSSION
Colonic electrolyte transport in the controls. The control subjects were siblings of our patients. Because CCD is an autosomal recessive disease, they may have been heterozygotes and may thus have had impaired intestinal electrolyte transport. They were healthy, and showed no signs of impaired intestinal function. Their perfusion results closely resembled those obtained in fasting adults (19, 20) . Their normality remains unconfirmed, however, because there are no reports of similar studies in normal children or even in nonfasted adults. Because of the lability of the electrolyte balance in CCD, perfusions in fasting could not be considered.
From an ECF-like perfusate we observed net absorption of Na+ and Cl-against steep concentration gradients, and slight net appearance of HC03-. A "coupling" between the movements of Na+ and Cl-was evident from two observations. Net absorption of both C17 and Na+ was diminished when the luminal Cl-concentration was reduced. Omission of Na+ from the perfusate (choline-Cl7 perfusate) also reduced C1-influx. As the unidirectional fluxes of Na+ were not measured, this coupling could not be further characterized.
With the ECF-like perfusate, the influx of Cl-was twice as great as the efflux. The influx was reduced when the luminal concentration of Cl-was diminished.
Omission of HCOi-from the perfusate, on the other hand, clearly reduced the Cl-efflux. This requirement of luminal HCOi-for the efflux of Cl-suggests that this efflux is coupled with the influx of HCOs7. This could be exphained if the Cl-/HCOi-exchange that is suggested in the colon (19, 20) takes place in both directions. Evidence for a similar bidirectional exchange has been obtained for the ileum (13) .
Intestinal electrolyte transport in CCD. Studies by Bieberdorf et al. (14) of ileal function in CCD showed that Na+ transport is intact but active transfer of C17 is lacking. Passive movement of Cl-along the electrochemical gradient was documented. Our finding that the ileal effluent had higher Cl-and lower HCOi-concentrations than in the controls is consistent with these observations.
We have documented a distinct difference in colonic function between our controls and patients. The possible heterozygosity of the controls does not seem to leave the nature of the colonic defect in doubt; if they were heterozygotes the difference between CCD and the truly normal state could only be larger. The present studies of colonic function in CCD revealed a pattern similar to that found in previous studies of the ileum (14) . Na+ transport was intact, but net absorption of Na+ was dependent on luminal presence of HC08-, in contrast to the controls. Obviously, electroneutrality requires that absorption of Na+ is associated with corresponding absorption of an anion or equivalent secretion of another cation. Thus in the controls net Na+ and Cl-movements were closely linked.
In CCD, as we have shown, Cl-did not move, and Na+ absorption was balanced by net disappearance of HCO3-and net secretion of K+. This explains the suppression of Na+ absorption on omission of luminal HCO-. The disappearance of HCO-may be due to its absorption, or to secretion of H+, or to both of these events simultaneously. The rise of Pco2 that accompanied this disappearance of HCO&-suggests that H+ secretion was at least partly responsible. This would imply the existence in the colon of Na+/H+ exchange, a mechanism already postulated for the ileum (13, 14) . The possibility of a rise in PcO2 through absorption of HCO3-and backdiffusion of C02 cannot be excluded. Whatever the mechanism(s), it leads to accumulation of H+ and exhaustion of HCO3-in the luminal contents and stops the net absorption of Nae. A clearly increased secretion of K+ was noted in all patients. The marked elevation of K+ concentration in the anal effluent suggests increased luminal electronegativity, as colonic secretion of K+ is at least partly due to passive diffusion along the electrochemical gradient (20, 21) . Increased intracolonic potential difference has been documented in two CCD patients (7, 12) . Enhanced aldosterone activity increases potential difference and net secretion of K+ into the human colon (22) (23) (24) (25) , and such enhanced activity has been recorded in CCD (5, 7, 10, 11, 26) . Urinary aldosterone excretion was 43.4 itg/m'. day in R. Ko. and 23.2 /g/m2. day in J-P. K.
(normal < 12 Ug/m2. day). This may mediate the increased K+ secretion observed. It is an interesting possibility that cation exchange is increased in CCD, which secretes K' along with H+ in exchange for Na'. Evidence for the presence of such a mechanism has been observed for frog colon (27) . The (19, 20) ; this exchange has features of active transport (20, 21, 28, 29) . The permeability of the intestine is known to decrease in the distal direction (18, (30) (31) (32) . Conceivably, although an essential part of the Cl-fluxes may take place through independent passive diffusion in the ileum, such movement may virtually fail to occur in the poorly permeable colon. The carrier-mediated Cl-/HCO3-exchange may thus be necessary for any Cl-flux in the colon. A defect in this mechanism would then explain the observed absence of active Cl-transport in the ileum and all Cl-movement in the colon. The apparent absence of HCOs-secretion in the colon is consistent with this theory.
Bieberdorf et al. (14) observed a slight increase in downhill Cl-secretion on elevation of luminal HCO3-concentration to 80 meq/liter in the ileum of their CCD patient. This suggest that in that patient the Cl-/HCO3-exchange mechanism was not totally lacking, but was capable only of passive function at a very high luminal HCO&-concentration.
In conclusion, present knowledge of intestinal transport in CCD is compatible with the notion that the basic defect is impairment or absence of a Cl-/HCOtexchange mechanism, which operates in both directions in the normal ileum and colon. Such a defect explains the clinical findings in CCD: large watery stools with high Cl-concentration and very low HCO3-concentration and pH. The passive permeability of the proximal intestine to Cl-explains the success of oral replacement therapy.
